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For n 3 4, the n-cube, Q,, is shown to have an orientation with diameter n.
Define d(n) to be the minimal possible diameter of an oriented n-cube, IZ 3 2, 
Obviously, d(2) = 3 and it is easy to show, by consideration of cases, that 
d(3) = 5. soltes [1] has reported that d(n) s p2 + 1 for n 2 4. will show 
d(4) = 4 and, for y1 2 4, that d(n + 1) s d(n) + 1 and conclude that d(n) = n. we 
use the following observation of Carsten Thomassen to shorten our original 
procf. 
If a bipartite graph G has an orientation of diameter Sk, k > 3, such that 
every vertex is in a cycle of length at .most k, then the Cartesian product of G and 
K2 has an orientation of diameter s k + 1 such that every vertex is in a cycle of 
length Sk. 
Take two copies of 6, GI and Gz, and add a l-factor between them such 
that an edge is directed from G1 to Gz iff it joins two vertices in the first color 
class. It suffices, now, 90 show that there is a path of length at most k + 1 from 
any vertex u in the first color class of Gz to any vertex v in the first color class of 
GI. But this is easily done using the cycle of length at most k containing u in G1 
and its image in Gz in the case v is adjacent to u and using the 
length Sk in G1 and its image in G2 when G2 when v is adjacent o 
in Gz. 0 
u-v’ path of 
avertexv’fu 
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Fig. 1. 
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If v = 1 or 3 (mod 6), then a (v, 3,2)design is a quasi-2-multiple design. We give here a 
direct construction of simple and irreducible (v, 3,2)designs when v = 1,3 (mod 6) and v # 7, 
v #9. 
A balanced incomplete block design ( IBD) is a collection of b subsets (blocks) 
of size k chosen from a set of v elements (treatments), in such a way that every 
pair of elements belongs to A blocks. Every ele then belongs to I blocks and 
(v, b, r, k, A) are called the parameters of this D. By a (v, k, Qdesign, we 
- -- 
mean a LPIJW with these parameters. 
Two BIBDs are said to be isomorphic if there is a one-one ont3 mapping from 
the elements of one design to the e!ements of the other design which takes blocks 
to blocks. 
A BIB48 is said to & S&&Z if it has no repeated blocks. 
Any design with parameters (v, tb, tr, k, tA), where t > I, is called a yuasi- 
multiple design (quasi-t-multiple design). If this design is expressible as the union 
of two designs with parameters (v, tib, tir, k, tJ) for i = 1,2, where tl + t2 = t, 
then we call it reducible or decomposable; otherwise we call it irreducible or 
indecomposable. 
It is well-known that t necessary condition for t 
design is also sufficient. 
v=O,l(mod3)iff v=O,I,3,4(mod6). 
* This work was done when 
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are those of a quzoi-2-multiple design. These parameters are as follows: 
(6t + 1, 2t(6t + l), 6t, 3, 2) and (6t -t 3, 2(2t + l)(St + I), 6t + 2, 3,2). 
Van Buggenhaut [6] has constructed simple (v, 3,2)-designs when v = 0, 1 
(mod 3), using some other configurations. Street [S] has constructed simple and 
irreducible (v, 3,2)-designs by using recursive methods. Chung Je Cho [I] has 
constructed l-rotational (v, 3,2)-designs using what are called (A, k) and (B, k) 
Jimbo [3] have given l-rotational (v, 3,2)-designs based on 
su [2] has also given (v, 3,2)-designs using cyclic neofields. 
[4] used a skew transversal square to construct simple 
ome of these designs have repeated blocks and some are 
st of the above mentioned esigns are constructed using some other 
configurations. 
give below direct constructions for simple and irreducible (v, 3,2)-designs. 
(a) (6t + 7,3,2)-designs, t 2 1 
{% 0,2t + l}, @a, 0 q, 
P3,h 22 + 9, {w4,0,3t +l}, 
(0, i, 2t + 1 -i}, i = 1,2, . . . , t, 
{0,2i, 3t + 2 + i}, i = 1,2, . . . , t - 1, (mod(6t + 3)), 
{0,2t i 1,4t + 2) (mod(6t + 3)), period 2t + 1 
and all four triples of 
en t = 0, it is well known that there are precisely four (7,3,2)- 
esigns and all are reducible. 
(b) (6t f 3,3,2) ,designs, t 2 2 
0% 0,2t - 21, p*, 620, 
1 {w4,& 3t - 11, 
(6, i, 2t+1-i}, i=l, 2,. . . , t, 
(0,2i, 3t + i), i = 1,2, . . . , t - 2, (mod(6t - 1)) 
Tx ,rbnilies of simple and irreeiucible BlBrds 313 
have 
m2, m3, coq) 
and is thus iaxdurible. 
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